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Crude spray-dried latex from Powell and Scholefield was dialysed against 1,3-diaminopropane and the enzyme isolated by the method of Goodenough & Owen (1986) using 6 mM-diaminopropane as buffer and a gradient of 4 mM/min of NaCI. The use of an anion-exchange column gave a good separation of the proteins, and fractions containing papaya proteinase A and B were freeze-dried and redissolved in phosphate-buffered saline (0.1 ~-NaC1/0.06 M-phosphate, pH 7.3).
Balb/c mice were injected subcutaneously with 50pg of a mixture of the redissolved protein in 200p1 of Freunds complete adjuvant. Six weeks later, after an intravenous booster injection, fusion of the spleen cells and mouse myeloma cells, P3 x 63-Ag 8-653 was obtained. Eight hybridomas were shown to have immunological activity when reacted against mixed papaya proteinase A and B. Western immunoblotting and enzyme-linked immunosorbent assays were as described by Goodenough et al. (1986) .
Two lines, PAP 8 and PAP 7, were shown to be specific for papaya proteinases A and B respectively. The reaction of PAP 7 and PAP 8 is shown in Fig. 1 and it can be easily seen that there is a specific reaction with the papaya proteinases.
When the papaya proteinases are separated by fast protein liquid chromatography the individual members can be prepared in a nearly pure form. The activity of the preparations of proteinases A and B towards casein is the same qualitatively, although A is more active quantitatively. It is conceivable that activity of A is contaminating B and that B only has a lysozymal activity. However, we have determined the M , of B as 28 000 and the PI as > 1 1.1. These are widely different from the properties of most lysozymes. The fact that monoclonal antibodies that are specific for A and B can be prepared so easily indicates that at least some of the quaternary structure of the molecule is quite different in structure.
We have used the monoclonal antibodies to purify quantities of A and B for sequencing and crystallographic analysis. It is hoped to be able to also isolate the DNA coding for this interesting family of proteinases.
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Our original interest in multi-enzyme complexes stems from the work on the bacteriophage TCinfected Escherichia colicell (Reddy et al., 1977; Mathews et al., 1979) . It seemed to us that the herpes virus-infected mammalian cell represented an analogous biological system. Like bacteriophage T4. herpes simplex virus (HSV-I) encodes a number of DNA precursor pathway enzymes in its genome which are synthesized after infection of the host cell. These include a DNA polymerase (Keir & Gold, 1963) , deoxypyrimidine kinase (Jamieson et al., 1974) , deoxycytidine deaminase (Chan, 1977) , and a ribonucleotide reductase (Cohen, 1972) . We have completed investigations on a number of such enzymes in uninfected and HSV-I -infected mammalian cells and also in yeast, a lower eukaryote. A summary of this work forms the basis of this communication.
We have adopted two previously used approaches to obtain physical evidence for enzyme complexes, including (a) sucrose density gradient centrifugation (Mathews et al., 1979) and (b) gel-filtration chromatography (Wickremasinghe et al., 1982 (Wickremasinghe et al., , 1983 . Secondly, we attempted to obtain kinetic evidence for a functional enzyme complex, by studying the possible channeling of ribonucleotide precursors into DNA.
When lysates from uninfected baby hamster kidney (BHK) cells in S-phase are centrifuged in the sucrose gradients we observe clear co-sedimentation of a number of DNA Abbreviations used: HSV-I, herpes simplex virus; BHK, baby hamster kidney.
Vol. 15 precursor pathway enzymes (see Fig. 1 ). A variety of experimental observations argues against this being simply a non-specific aggregate of enzymes, including: (1) the bulk of the protein sediments near the top and bottom of the gradient, not in the position of the putative complex; (2) cosedimentation of enzymes is destroyed if the lysates are exposed to ~M -N~C I , followed by dialysis, before centrifugation; (3) radiolabelled RNA or DNA does not sediment with the enzymes, so that a non-specific ionic complex with these molecules can be excluded; (4) when EDTA is used instead of EGTA, to inhibit further enzyme digestion in the preparation of lysates, the previously co-sedimenting enzymes now sediment independently within the first third of the gradient; this suggests the importance of divalent cation, perhaps Mg2+ or Mn2+, in the maintenance of the observed complex; (5) when lysates from Go-phase cells are centrifuged in the gradients only DNA polymerase and thymidine kinase co-sediment at the rates observed with the lysates from S-phase cells.
The situation in the HSV-I-infected cell for the virusinduced enzymes is somewhat different. The obvious departure from the situation in the uninfected cell is that the virus-induced DNA polymerase sediments independently near the middle of the gradient from the more rapidly, cosedimenting virus-induced enzymes ribonucleotide reductase and thymidine kinase. There is also a slowly sedimenting component of the thymidine kinase. The co-sedimentation of these two enzymes is not observed when lysates are exposed to EDTA, instead of EGTA, as seen with the uninfected cell lysates.
When lysates from exponentially growing Saccharomyces cerevisiae were analysed either by sucrose gradient centrifugation or gel-filtration chromatography on Sepharose 6B, (TOP) (Bottom) Fraction no. Fig. I . Sucrose gradient centrifugation S-phase BHK-21/C13 cells were suspended (about 2 x lo7 cellsjml) in hypotonic TrisjHCI buffer containing Staphylococcus nuclease (100 units/ml) and phospholipase C (60 units/ml) and incubated for 1 h at 15 C. The reaction was stopped with 8 mM-EGTA (final concentration) and centrifuged ( 5 min, 15 OOOg). The supernatant (400 p1 portion) was centrifuged in the sucrose gradients (5ml of 5%-20%, wjv, sucrose, 35 000 rev./min for 8 h at 4 C, SW50. I rotor). Sedimentation is from right to left.
Protein; A, thymidine kinase; 0 , nucleoside diphosphate kinase (NDP kinase); 0 , DNA polymerase; ., ribonucleotide reductase; A , dihydrofolate red uctase. no association of DNA precursor pathway enzymes was detected. Those assayed included DNA polymerase, ribonucleotide reductase, thymidylate synthase, dihydrofolate reductase and thymidylate kinase.
In the kinetic experiments radiolabel from rCDP was incorporated only into RNA, when added to incubates of permeabilized cells (BHK cells, HSV-1 -infected cells or yeast cells). Deoxyribonucleoside triphosphates were incorporated into DNA under the conditions used. These results contrast with previous reports of ribonucleotides being incorporated into DNA (Reddy & Pardee, 1980 or a mixed DNA/RNA polymer (Reddy et al., 1986) .
